Abstract: An orthogonal drawing of a plane graph $G$ is a drawing of $G$ with the given planar embedding in which each vertex is mapped to a point, each edge is drawn as a sequence of alternate horizontal and vertical line segments, and any two edges do not cross except at their common end. Observe that only a planar graph with the maximum degree four or less has an orthogonal drawing. The best known algorithm to find an orthogonal drawing runs in time $O(n^{7/4_{\sqrt{\log n})}}$ for any plane graph with $n$ vertices. In this paper we give a linear-time algorithm to find an orthogonal drawing of a given biconnected cubic plane graph with the minimum number of bends.
with the given planar embedding in which each vertex is mapped to a point, each edge is drawn as a sequence of alternate horizontal and vertical line segments, and any two edges do not cross except at their common end.
Orthogonal drawings have attracted much attention due to its numerous practical applications in circuit schematics, etc. [BLV93, K96, T87] . In particular, we wish to find an orthogonal drawing with the minimum and Garg and Tamassia [GT96] presented algorithms which find an orthogonal drawing of a given plane graph $G$ with the minimum number of bends in $O(n^{2}\log n)$ and $O(n^{7/4_{\sqrt{\log n})}}$ time respectively unless it is allowed to choose its planar embedding, where $n$ is the number of vertices in $G$ . They reduce the minimum-bend orthogonal drawing problem to a minimum cost flow problem. On the other hand, several linear-time algorithms are known for finding an orthogonal drawing of a plane graph with a presumably small number of $\mathrm{b}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{s}[\mathrm{K}96]$ , and for 3-connected cubic plane graphs a linear-time algorithm is known for finding an orthogonal drawing with the minimum number of $\mathrm{b}\mathrm{e}\mathrm{n}\mathrm{d}_{\mathrm{S}}[\mathrm{R}\mathrm{N}\mathrm{N}\dot{9}9]$ .
$\mathrm{O}\mathrm{b}\sim$ serve that $0,\mathrm{n}\mathrm{l}\mathrm{y}$ a planar graph with the maximum degree four or less has an orthogonal drawing.
In this paper, generalizing the result in [RNN99], we give a linear-time algorithm to find an orthogonal drawing of a biconnected cubic plane graph with the minimum number of bends.
An orthogonal drawing in which there is no bend and each face is drawn as a rectangle is called a rectangular drawing. Given a plane graph $G$ such that every vertex has degree either two or three, in linear-time we can find a rectangular drawing of $G$ whenever such a graph has a rectangular drawing [KH94, RNN96, RNNOO] . The key idea of our algorithm is to reduce the orthog- Fig. 1 (b) . The rest of the paper is organized as follows. Section 2 gives some definitions and presents a known result. Section 3 shows a tree structure among some cycles in $G$ . Section 4 presents an algorithm to find an orthogonal drawing with the minimum number of bends. Finally Section 5 is a conclusion.
In this section we give some definitions and present a known result. is the minimum number of vertices whose removal results in a disconnected graph or a single-vertex graph $K_{1}$ . We say that
A graph is planar if it can be embedded in the plane so that no two edges intersect geometrically except at a vertex to which they are both incident. A plane graph is a planar graph with a fixed planar embedding. A plane graph divides the plane into connected regions called faces. We regard the contour of a face as a clockwise cycle formed by the edges on the boundary of the face. We denote the contour of the outer face of graph Some linear-time algorithms to find a rectangular drawing of a plane graph satisfying the condition in Lemma 2.1 have been obtained [KH94, RNN96, RNNOO] .
Genealogical Tree
In this section we first show a tree structure among some cycles in a biconnected cubic plane In both cases above all child-cycles of $C_{c}$ are independent each other.
By the definition above we can find child-cycles of each child-cycle recursively, and eventually we get a (hierarchical) tree structure of cycles in 
Orthogonal Drawing
In this section we give a linear-time algorithm to find a bend-optimal orthogonal drawing of a biconnected cubic plane graph. Assume that we have a genealogical tree $T_{g}$ of a biconnected cubic plane graph $G$ . We need some definitions.
We define "feasible drawings" as follows. Note that rotated cases are omitted. Case $3(\mathrm{b}):C$ has exactly one child-cycles having a 1-or 2-corner path on $C$ , and the child-cycle is a 2-legged cycle. Computation for $s_{c:}$ Let $C_{1}$ be the 2-1egged child-cycle having a corner path on $C$ . We consider two cases. If $C_{1}$ has a 2-corner path on $C$ , then set $S_{C}=S_{C_{1}}\cup S_{C_{2}}\cup\cdots\cup S_{C_{\ell}}$ . In this case we do not need to introduce any new 1-corner paths. Otherwise, if either (i) $C$ has two or more child-cycles having a l-or 2-corner path on $P_{1}$ , or $C$ has a child-cycle having a 2-corner path on $P_{1}$ , then $P_{1}$ is classified as a 2-corner path. Otherwise if $C$ has exactly one child-cycle having 1-corner path on $P_{1}$ , then $P_{1}$ is classified as a 1-corner path. Otherwise $P_{1}$ is classified as a $0$ -corner path. We classify $P_{2}$ similarly. Now we give our algorithm to find a bendoptimal orthogonal drawing. Using a method similar to one in [RNN96, RNN99, RNNOO] 
Conclusion
In this paper we presented a linear-time algorithm to find an orthogonal drawing of a biconnected cubic plane graph with the minimum number of bends. It is remained as a future work to find a linear-time algorithm for a larger class of plane graphs.
